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(54) PHOTOELECTRIC CONVERSION ELEMENT AND ITS DRIVING METHOD 

(57)Abstract: 

PURPOSE: To increase the photodiode capacity with attaining an optimum optical 
characteristic for maximizing the incident light absorption. 
CONSTITUTION: A transparent electrode 13 is formed between a photodiode 
(Schottky diode with a Pt silicide 1-p-type Si substrate 2) and reflection plate 7. 
A light is incident on the back side and effectively absorbed. The electrode 13 
facing at a Pt silicide film is formed nearer than the plate 7. The capacity between 
the electrode and Pt silicide film is utilized as a photodiode capacity. Since the 
reflection plate optimizing the optical characteristic to absorb the incident light 
and the transparent electrode to determine the photodiode capacity are 
separately formedan optical conversion element having an increased photodiode 
capacity with ensuring an optically optimum thickness can be provided. 



CLAIMS 



[Claim(s)] 

[Claim 1]An optoelectric transducer forming a transparent electrode between 
photo-diode light reflectors in a rear-face exposure type optoelectric transducer 
in which a light reflector which reflects incident light via an insulator layer on a 
photo-diode was installed. 

[Claim 2]A rear-face exposure type optoelectric transducer in which a light 
reflector which reflects incident light via an insulator layer on a photo-diode was 
installedOr in an optoelectric transducer by which a transparent electrode was 
further formed between photo-diode light reflectorsA drive method of an 
optoelectric transducerwherein a direction at the time of photo-diode potential 
reset impresses pulse voltage to a light reflector and a transparent electrode by 
predetermined die mingrespectively so that lower [ potential ] than the time of a 



charge storage. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to a rear-face exposure type 

optoelectric transducer and its drive method. 

[0002] 

[Description of the Prior Art]An example is given and explained about the 
conventional optoelectric transducer and its drive method, drawing 3 (a) is a 
sectional view of the unit pixel of the CCD series with which the conventional 
rear-face exposure type optoelectric transducer was arranged by two dimensions 
— here — a photo-diode — platinum silicide / silicon SHON — an ibis — the 
case of the infrared sensor using a diode is shown. On the p type silicon substrate 
2Schottky contact of the platinum silicide film 1 is carried outa photo-diode is 
formedand in order to control leakage currentthe n guard ring 3 is formed around it. 
The electric charge accumulated in the photo-diode is transmitted by adjoining 
CCDand is outputted outside. CCD comprises the n well 6the transfer electrode 
10and the transfer gate electrode 9. In order to read an electric chargethe driving 
waveform impressed to a transfer gate electrode is shown in drawing 3 (b). The 
high voltage of a high level was impressed to t t - t 2 the transfer gate was made 
into switch-onand stored charge is read to CCD at the same time it resets the 
potential of a photo-diode. Although an electric charge is transmitted by CCD 
after thatexplanation of the operation is omitted. An electric charge is read by t 3 
again and t 3 -t 2 serves as charge storage time. This read operation is performed to 
the 1 field or one frame at 1 time of a rate. 

[0003] Infra red rays enter from a rear facein order to make optical absorption in a 
photo-diode into the maximumthe a nti reflection film 12 which reduces reflection is 
formed in a rear faceand on the platinum silicide film lit is separated by the 
insulator layer 8 so that the belly of a standing wave may come to the platinum 
silicide film land the light reflector 7 is formed. Usuallymetalsuch as aluminumis 
used for this light reflector. Since it is used for detecting infrared rays with a 
wavelength of 3-5 micrometers in the case of this sensorthe distance between 
platinum silicide light reflectors is adjusted so that an absorption peak may come 
near 4 micrometer. The optical distance is abbreviation (2n+1)/4 wave (n is zero 
or more integers)and in order to make optical absorption in an insulator layer into 
the minimum generallyit has about 1 / four waves. In the case of 7500 A (it omits 
the following A) and a SiO filmit is 5600Awhen an insulator layer is a Si0 2 film as 
specifically shown in 2-19 pages of 1685-volume proceedings of SPIE. The 
difference in the thickness of these two insulator layers is based on the difference 
in a refractive index. Thusas for the distance between platinum silicide light 
reflectorsan optimum value will be decided if an insulator layer is decided. 



Howeveras shown in drawing 4 it turns out between this platinum silicide light 
reflector that it works as a part of photo-diode capacity (it expresses as the 
number of the electrons accumulated in a photo-diode.). Drawing 4 grounds a light 
reflector and shows photo-diode capacity when changing between platinum silicide 
light reflectors as a function of reset voltage. The insulator layer at this time is 
Si0 2 . The capacity between platinum silicide light reflectors occupies the half 
grade of photo-diode capacityand comparison with the case where a light reflector 
does not have the oxide film thicknesses near an optimum value further with the 
result of 8000A shows that it is a big ingredient. In an infrared sensorthe 
background ingredient by 300K radiation light etc. needs to be largeand needs to 
increase photo-diode capacity for dynamic lens expansion. As mentioned 
abovesince the capacity between platinum silicide light reflectors is ingredients 
with main photo-diode capacityit can increase photo-diode capacity effectively by 
increasing this capacity. Howeverthe distance between platinum silicide light 
reflectors cannot decrease thickness of an insulator layer in order to increase 
photo-diode capacitysince an optimum value exists from the optical characteristic. 
In the drive of the optical sensing element shown in drawing 3 impressing grounding 
a light reflector and pulse voltage is not performed conventionally. Since the 
potential of a light reflector becomes equal to the potential of a photo-diode in not 
grounding a light reflectorcapacity between platinum silicide light reflectors cannot 
be used. 
[0004] 

[Problem(s) to be Solved by the Invention]An object of this invention is to provide 
the optoelectric transducer and drive method which increase photo-diode 
capacityattaining the optimal optical property that makes incident light absorption 
the maximum in view of an above-mentioned technical problem. 
[0005] 

[Means for Solving the Problem]An optoelectric transducer of this invention is 
characterized by forming a transparent electrode between photo-diode light 
reflectors in a rear-face exposure type optoelectric transducer in which a light 
reflector which reflects incident light via an insulator layer on a photo-diode was 
installed. 

[0006]A rear-face exposure type optoelectric transducer in which a light reflector 
with which a drive method of an optoelectric transducer of this invention reflects 
incident light via an insulator layer on a photo-diode was installedOr it is 
characterized by a direction at the time of photo-diode potential reset impressing 
pulse voltage to a light reflector and a transparent electrode to predetermined 
timingrespectively so that lower [ potential ] than the time of a charge storage in 
an optoelectric transducer by which a transparent electrode was further formed 
between photo-diode light reflectors. 

[0007]Since a light reflector which optimizes the optical characteristic of 
absorption of incident light in the 1st inventionand a transparent electrode which 
determines photo-diode capacity are formed separatelyan optical sensing element 
which carries out the maximum of the photo-diode capacity can be provided 



securing optimal thickness optically. 

[0008]Since photo-diode capacity is increased by impressing pulse voltage to an 

electrode which counters platinum silicide nothing with regards to a position of a 

light reflector in the 2nd inventionoptimization of the optical characteristic and 

increase of photo-diode capacity can be performed independently. 

[0009] 

[Example] 

(Example 1) The example of the 1st invention is described concretely first. 
Drawing 1 is one example of the optoelectric transducer of the 1st inventionand 
shows the sectional view of the element which reads the electric charge 
accumulated in the optical sensing element like the conventional example by CCD. 
The point that this example differs from the conventional example shown in 
drawing 3 (a) is that the transparent electrode 13 exists in the insulator layer 8 
between the platinum silicide film Hight reflectors 7. As this transparent 
electrodea semiconductor with a bigger band cap than metal thin filmssuch as 
platinum silicide below 100Aand the energy of wavelength which carries out 
photoelectric conversion is used. Since the energy is 0.4 eV or less in the case of 
the infrared optoelectric transducer of the 3-5-micrometer belt of this examplethe 
semiconductor of poly crystal silicon with a bigger band cap than itan amorphous 
siliconZnSeetc. can be used as a transparent electrode. In this casealthough a 
transparent electrode has a certain amount of thickness from balance with 
resistancesince the optimal optical distance between platinum silicide light 
reflectors is abbreviation (2n+1)/4 wave (n is zero or more integers) as the 
conventional example describedthe optimal optical property can be attained by 
adjusting the value of the integer n. About 40Asince the transmissivity is not less 
than 80% in 3-5 micrometersa platinum silicide thin film can be used as a 
transparent electrode. In this casethe thickness of a transparent electrode will be 
thin enough and the optimal optical distance will be about 1 / four waves. 
[0010]Since the capacity between platinum silicide transparent electrodes is the 
parallel plate capacitor capacitance into which the dielectric was insertedphoto- 
diode capacity becomes largeso that an interval is small. Since the interval is 
reduced between platinum silicide transparent electrodes from between platinum 
silicide light reflectors as compared with drawing 3 of a conventional 
examplephoto-diode capacity can be increased. That isincrease of photo-diode 
capacity is realizableattaining the optimal optical property that makes incident light 
absorption the maximum according to the optoelectric transducer of this invention. 
[001 1] Although this example explained the case where CCD was used as readout 
circuitrysince this invention improves the characteristic of a photoelectric 
conversion partit is applicable also to the sensor which naturally used other 
readout circuitriessuch as MOS and CSD. Furthermoreit is applicable to both a 
simple substance sensor and a one-dimensional or two-dimensional array sensor. 
(Example 2) The example of the drive method of the optoelectric transducer which 
is next the 2nd invention is described concretely. Either of the structure which 
has only a light reflector like the structure or the conventional example which has 



a transparent electrode as an optoelectric transducer in this case as shown in 
drawing 1 is feasible. Drawing 2 shows the timing of the pulse voltage impressed to 
the electrode (a light reflector or a transparent electrode) which counters the 
transfer gate electrode and platinum silicide of one example of this invention. The 
point that this figure differs from drawing 3 (b) in which a conventional example is 
shown is impressing pulse voltage to the electrode which counters platinum silicide. 
By impressing the voltage of a high level to a transfer gate by t t - t 3 it reads to 
CCD at the same time it resets the potential of a photo-diode to V rst . Voltage of a 
counterelectrode is made into V alumlnumValuminum c from str ]and rst by t 2 while resetting a 
photo-diodeand it is considered as V aluminum and str by after-reset t 4 . 
[0012]An electric charge is accumulated until potential falls and the potential of a 
photo-diode is set to OV as an electric charge is accumulated after it is reset by 
V rst . If the number of the electrons accumulated in the photo-diode is set to N 
(V PD ) when potential is V PD since N (V PD =0) is not readeffectual charge quantity N PD 
read to CCD will be given with a following formula. 
[0013] 

N PD =N(V PD =V rst )-N (V PD =0) 

Since the electron number accumulated in the capacity between the platinum 
silicide which is a part of N PD and its counterelectrode is given by epsilon di (V PD -V AI ) 
S/qd di When pulse voltage as shown in drawing 2 is impressedcharge quantity N di is 
effectually given with a following formula. epsilon dland d dj are a dielectric constant of 
an insulatorand thickness hererespectivelyandas for V Al a photodiode area and q of 
the voltage of a counterelectrode and S are elementary charge. 
N di =epsilon di . (V rst -V aluminumrst ) S/qd di -epsilon di 

S/qd di ~epsilon dj V rst S/ qd dj +epsilon dj (V a | umjnum and str V a|uminum j , f jt js Valuminumstr>Valuminumand rstphoto- 
diode capacity can be made to increase by the 2nd paragraph to the 2nd paragraph being 0 in Valuminumstr=Valuminumand rstwhen the 

potential of a r St S/qd di counterelectrode is constant. 

[001 4] Although the example of the 1st and the 2nd invention showed the case 
where a transfer gate was controlled by a transfer gate electrodewhen lengthening 
a transfer electrode to a transfer gate field and impressing a ternary pulse to a 
transfer electrodethis invention can be applied similarly. 
[0015] 

[Effect of the Invention]Photo-diode capacity can be increased attaining the 
optimal optical property that makes incident light absorption the maximum 
according to the optoelectric transducer by this inventionor its drive methodas 
explained above. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The figure showing one example of the 1st invention. 
[Drawing 2] It is a figure showing the example of the 2nd invention. 
[Drawing 3] It is a figure showing a conventional example. 



[Drawing 4] It is a figure showing the photo-diode capacity expressed with the 
electron number in which read-out to CCD when changing the distance between 
platinum silicide light reflectors is possible as a function of photo-diode reset 
voltage. 

[Description of Notations] 

1 Platinum silicide 

2 P type Si substrate 

3 n guard ring 

4 n + field 

5 p + channel stop 

6 n well 

7 Light reflector 

8 Insulator layer 

9 Transfer gate electrode 

10 Transfer electrode 

1 1 Oxidizing film 

12 Antireflection film 

13 Transparent electrode 



